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GeorBe Velo 2

/oq' o

A_tract.-Jl_e _tbaonian .*_-_ropb_ical 0beervatory b_ nod_ted
tk B_r-Nun_ o_eras to perfom 81m,ul_m_eouB obser_atioDs. When (::4:L_'
_O 8_tiOns are involved in simultaneous obm_rvinK, the &trection8 _u
an absolute system of _efe_ence of the liue commctin4_ the two statio_
can be deterS, ned. Fifty-six pa_rs ca" sl_alt_eous obeer_tto_ betveen
st.¢_o_ Villa Dolores, Argent_a; Erequl_pa, l_eru; _, btherlands
AntJJ.les; Ju_iter_ Florida; e_l Organ Pass, hv Mexico, lnatcste that an

accut_.y of better than 1" of ar_ can be exl_ted. _ d I-_

__J II | . J I_ILI

york _ a_l_o.,'ted in lart by grant N_6 87-60 _f the _ati_l
• er_auttcm and _ A_ain_tratl_.

_k_It_sclalsnAst_ical Obeemtor_; and the J[a%_ _chnle_l
' _Jntm_rsL_ Athens, Greece.
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If artificial satellites are used as triangulation points and simul-
taneous observations are made_ a space triangulation scheme is possible
and permits a three-dimensional determination of the position of a station.

To perform, however, a sl_ce tr%a:_Llation with only angular measure-
ments, we need Just as in the case of a regular two-dimensional triangu-
lation, a be_eline to give the scale, as well as the coordinates, of at
least one point to be used as the origin. To orient a two-dimensional
triangulation we also r_ed the orientation of the baseline (or any other
line). In a three-dimension_l triangulation in which absolute directioz_
have been observed, the space orientation of the whole net is obtained
autcmJtlcal_v_ but the scale can be determined o_ly if at least one
distance is knc_n. Such a distance can be either that between two ground
stations, obtaine_ by classical methols of trian_tion, or that between
one station _xndthe satellite, obtained by direct range measurement. The
potition for all the unknown statior_ will, of course, be obtained in the
same reference _ymtem in which the coordinates of the origin are given
(Ve_, i_0).

If the reference system is defined by the coordinates of onl_ oce
point (that of the origin), Its orientation by a consistent system of
directions (the sam as t_t used for the observations) and the scale is
given by one _asellne; the reference system is unique_v determined. If
there ie more than one known station in the space triangulation net,
their coordinates must be.consistent "_iththe system c_ directions used
for the obeervatiQns, and with the unit of an_ pc_sible _41etacc_meaeu_-e-
merits.

•If only two knovn stations are involved in a three-dlmensional trl-
an_tl_, the scal_ wi_l, of course, be defined u_iq_ by the d.tstazz_
bet_en the stations as obtained from t_ir coord_tee, b_t the direction
of the llne eon_ectlng the two stations _st be co_slstent with t_e lyste_
of directi_ used for the observations (¥_is, I_).

The Smitheonian Astrophysical Obsermtory h_s modified the Baker-
_unn cameras to perform simultaneous or, more correet_V, qtmsi-ei_ultane-
ous o_er_tio_s. F_ever, the lcc_tione of a_l distances between _he

, stations c_ the net do not easil_ l_rmit simul'_.neou, e_vieibilAty from
three ataticm_ of satellites now in orbit.
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If only two stations at a time are involved in such a scheme, no
solution is possible for the relative position of the one station with re-
spect to the other. In t_hls e_se_ we can easily prove that the
so]'_ion will be the equRtion of the line that con_cts the two stations.
Since the simultaneous_ observed directions to the satellite will refer
to an at_olute and _versal systemp the equation of the line will also be
in that same syst_m. Therefore, although the position of the uLknovn
s+_ti_ cannot be detennine_, the direction of the line connecting the
known and the unknown stations can bs ob_ine_ (K_ki 1959).

The above has a rather sidle geometrical interpretati_ which c_fe_
a simple graphical solution for the directions.

The geometric interpretation

In figure I, let A be the known station, _ the unknown station, end
S the i-th position of a satellite whe_ a _air of siBultaneous observations

_as m_de. Furthermore, let P4 _ be the observed directions from staticns
A and B, respective_, expresged in direction cosines in a no.rotating

terrestrial systea. The vectors _ and q define a plane t_t can be de-
fi_ by the norvll vector

_=pXq .

_. _ pair of siwAltaneous observations defines a p_e. The inter-
section of such pla_es will _ive the line that connect_ the s_tlc_ A a_d
B.

XA _ be an appr_te po_itic_ for the unkno_ station B, and let

w be a plebe perpe_licu_r to the line AB at B. Every p_ne, defined by
a peir of siz_tltaDeous o_e_vation_, will intersect this p_e _ a

line _ (fig. 2). Twol_irs will give two lines _Aand_2 t_t will inter-
sect at the correct position of B on the p_ ®, i_s., t_e inter_ectinn

I of the correct directicn_ AB with t_e p_ ®, if no error_ in the ob_e,.w_-
tiom are assumed.

It is obvio_ that in the case of the. two ob_ermd l_i_, t_s
direction of the llne ec_neetlag the two statlo_ wall be

where_1 and_2 are the nors_ wctors of ths twop_s.

-3-
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_ve baYe '_hoz'ethan tvo l_lr_ of simultaneous ot_ervattons_and there are
umaTotdshle erroz_ In the o_er_ttons_ _]_ the ltne_ _r1_1 not Intersect
at the aeae point a_1 an ad_umtment vl_ be needed.

Let:a sn4 _ _t_o'tethe 7ectors it_ t_e ter_strtal syste_ tbl_t 4ef:lne

a _m _, .rodzet_._ethewc_'_, zr the_Iti_ _ lJoorreet,x_
we assume no errors in the obsez-wd directiors, then n • _ - Oj or

12_13= o, ,_e _, _, _ _ _ _ eo_. x_r, ,i_ _ _ _t
erroaeom posttio_ _, _, S vll_L not be eop_J_sr and n • e _ O; _ben le_

_t

p]ane _ . To obtain the orLentstlon at I_ _ we __e a rtsht-bsnd
_emzne syst_a I centezed at _ and oz_Len_ so thst t_ _-ex_ v_LI_ be
];le4_Uel to _. (the 1_ _ eo_LneMes_JLth the s _) a_ _ 2qla:_

_ll be oa_ plane ot_ _ b.

i.,x i

g=GX,
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If G _ 1_maw1;be an_lee c_ n vith tl_ j_ and _ _es_ reapee.t2_el_

_o_ _ n°
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We _ alrudy mntioned that all the liaca _ not Intezueetst
the _ _In+, be_ c_ the dAfferente_ in the _e_'_ns.
_uld flad th_ aaft l_aab_ pclnt a_ _ b_ thin_ _
in ad__ s smatlple luterseeU_m In _aaDe s_rveyAng. _e eu find tbs
moet probmble point ei1_r grmphles_, _ _lot_ the d_ferent llaes
ca Ua_h pa_er with a scil_ of, ss_ I : IOOG sad _ ch_ _he
that is close to t_s _id c_ the resultantpolyS_a; _ saSlytlcsl!y,
by a leut-_res s_tlon _t _ the e_Ion _f each IAme am-
eo_ to the method c_ Indlrect oba_ti_as. In _ latter c_se, the
error elllpee _ the s _.ae _an also be obtalned.

e_stt_ of ese_ line sbou14 eat_m_J_ _ s_lc_ _rAt_ s _-
ferent _ de_di_ m t_ _ _ _tch ea_ _ is _.ez_ed.

_ aepesd,flzst, c_ _ aeema_e_wi_h wbleh th_ obeea_:4tlons_ave

been m_e, _s_ _ _ angle _ _h, tvo dlrecti_ _.andw_t _ esc_e_, obser_t_o_ _ be the sane _ _.._

_ m_tlng _a_ta_, bnu_er, holds only At ve a_u_ t_t the
obem_ta_ am _ __. If an error is i_mded far the
a_nltaa_t_ an a_a_A _ _ should _ Intrc_ed, depend-

_ the wd_tty eau_e_ts at the N+_tlAte In the dlrectlo--of +.he
a _mm_r. £a It _ be _rm_ed later, this contrlb_tlonIs meg_h_e
met c_ _e tlse.

_) of B ca the m plane has beenCIRcethe s_st pro_le position (goI, go

_8t_, the direetlo_of _ line AB can be obtalmed. If the direction

of A_ is k_own, the corrections81, 8_, _ will be al_oxlmately

|m |,
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Tim u_ of _uae_i-sim_ita_u. observatlons

S_rictly simult_ueous observations can be obtained by observing a
flashing sate_:'.litewith very simple ground equipment. In the case of
_-acklng a passive satelllte_ the ground _quipm_nt is necessarily eum-
pli_ated i_ order to attain perfect synchronizatlou for the shutter
operati_ of the cameras involved. This can be achieved by connecting
the camera_control systems with a ground _e, so that they will be
ac_ivateO_ by the same slg_l. The connection can also be _de by a radio
sl_mal,,but in this case the variation of travel time for the radio sig-
nal might be an important source c,."error, amounting to a few milll-

The BaMer-Nunn camera net can be synchlonized for simultaneous ob-
servations by means of the W_,_ time signal. The clock at each station is
sy_hrontzed vtth the emitted NNV signal by correctir_ _he received sig-
nal by an average value for the travel time. The camera'_ cycle-driving
mechanism is also synchronized by the star_l_rd frequency of the same
quartz crystal t_t tans the clock. The cameras then are set so that t_
shutters will be activated at an exactly predetermined time. This method,
however, is not fully automatic when used _ith _aker-Nunn cameras, add its
success depends considerably on the observer's skills With _ell-tralned
observers, we c_Id expect a simultaneity _ithin one or two milli_eco_d_,
if the NNV rece1_ion is favorabl_ at each of the stations invol_d.

Hceever, if the observations are made in sequence and at equal inter-
not exceedi_ a fraction of a minute, strict slm_netty t_ mot

necessary,since it is poesible to interpolate the aplm_ent position _f the
satellite from t_ _ series of obeervatic_. In the case of tl_ Baker-Nunn

c_ers_, an exposure is taken every 1, 2, _, 8, or 16 seconds, _eper_tin_
on the _el_lty and brightness of the satellite; the _-eecce_ interval is
• ty_Ic_l v_Ine.

linseed,t_e apparent orbit _f an artificial satellite i_ quite mmooth
in an lnterval of ._ss than a _. The s_rt-_eriod lmrturbattons arts-
ln_ fru_ the e_en _al bare_eics do not b_ -_,_y appreciable _xlatlcns
i_ thtS rather _h_rt i_terv_l, _ it is only the very _order tes_e_

that _ influence the motion of the satellite in this in_er-
_. A_r lmuible somme of _i_turbance might be that of a variable
dm_ _f t_ satellite _ tmabliu_ fast and is asymmetric. Such an effect

be avoided _ uslz_ a sl_er_al eatellite t_at also has a high l_r_;
_,, t_t e_e tl_ &rag ei_"ectvi_ be ram31.

t
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A thlrd-degree Ixlync_l in time for the _pparent position is, in
general, sufficien_ to fit the observed directions for a period up to a
_inu_e or so, and in most eases a second-d_gree is satisfactory, since
with actual observations made at precisely equ_.l intervals the second
differences are constant within the noise that should be expected from
_he random errors in th_ observations. _e_ :, if the synchronization is
not l_r_ect and we dete.nmine "post mortem" the diver_nce fr_ simul-
tar_ity, we can Interpolate from the seri_ us.observations made at station
B and fin. the "ocsitiont_t would correspond at the time the observation
was ma_ _cm station A (see fig+ 3a). Instead of interpol_ting for the
exa_t t_ e of a speclfic observation from on_ station, we can interpo3ate
for an_ sel_cted time in both sets of observations, preferably the tim_
th&t correspouds to the._.id-point of the two times at tl_ two stations
(fig. 3b). This method has the further advantage of reducing the ralston
errors in the o_ervations since both interpolate_ values represent a mean
value from a se+ of observed quantities, provided the orbit is smooth.

A test

To test the method described above, the 8mitl_onian Astrophysical
Observatory started in 1961 to experiment with this technique. The Baker-
Nunn c_meras _re modified for synchronized ex'l:_sur_.s, and the observers
were trained in this o_eration.

As a first exper_nt, _e attempted simultaneous observations between
the s+_ationsof Arequipa, Peru, and Villa Dolores, Ar_nti_a. These
statio-_ were selected for various reaso--. Th_ distance be t-_een them is

one of the sh_)rte_tlu the _eker_unn syste_ which psrmlte more favorable
sateili_e _-._, and the stations ha_e a f_Irl_ reliable timing system,
the reception of _WV signals bein8 quite 8ood. The Villa Dolores station
is ccnnected to tLe Art_ntl_ datum, but not to the North American datma,
tc whlcr,t_<_:requipa station and the other American stations have been
tl_. Thus. al_hough the d_stance between the two stations i_ stall, we
coul_ expect a r_ther large uncertainty in th_ relative position of the
Arsentinia_ s_atlon, and therefore an Im_ro,,_ determination of position.

Satellite 1961 51 (the l_-foot halloon) was selected as the _ar_et
because a: _he good i_ases we obtained for this object, and because of it_
spherical S.hll,..oeand its _ alx_ee.

, A special ephemeri_ had to be ma£e for thll test. The overla_in_
period durin_ which the satellite was visible from both stations wa_ fir_
determined. Depen_in_ on the length of this period, o_ or _re seri_s
of obeervatio_ were predicted an_ the camera setti_@_ for each series
were co_uted and sent to the stations. The cameru _re then synchr_-
ized so _ha_ the shu_ters would open almost sim_ita_c_-!_ with the emit-
ted W_V si6nal. _

1964000531X-O13



The films were precisely reduced at the Smithsonian AstroPhysical
Observatory in Cambridge (see Veis, 1961) to provide observations of hi@h
accuracy. The only difference from the routine reduction on other satel-
lites was t_t all frames in the ov_.rlappingperiod we_ reduced and ,Ased
for the interpolation.

A_ut 70 per_:entof the predictions sent to the stations did not
result in obser_Ations, owi:_ mainly to weather problems and to malfunc-
tion of mdnor cquipmcnt _--- '_• _ _ percent o£ the arcs actually photo-
graphed could not be reduced to the needed accuracy because of timing
problems and, occasio-ally, poor image qualitj. These statistics, however,
are based on a rather limited amount of data_

After the first successful sets of simultaneous observations we_:

obtaine_ from Peru and Argentina, the stations in New Mexlc_, Florida,
and Cur_:_aoparticipated in this test. Thus we had a chain of lines,
whose di:_ctiQns can be determined in an absolute system, from New Mexico
to Argentiu_. In addition to satellite 1961 61, we al_o used Satellite
1961 c_l, bu_ to a lesser extent. Four pairs of simultaneous observaticms
on satellite ARNA, the flashing geodetic satellite, have _Iso been included
in this test.

The reduction of the observations
±

The observed direction_ of Baker-Nunn camera observations, or rather
their interpolated values, _re expressed in right ascension and declination
_eferr_ to the equator and equinox of 1950.O, _hile the times are given
in the A-1 (atomic time.)system (Veis, 1961b). These directions have to
be cot-rottedto a fixed-earth, or terrestrial, system to be used accordLng
to the method descrihed above. It is _m_ortant to emphasize that th_
final direction obtained for the llne connecting the two stations will be
in the same terrestrial system a_ the one used to reduce the observed
d_rections.

Th_ series of observed positions U.,5, frum each station wa_ used to
interpolate for the fictitious simultaneoLm observations from the two
stations. The positions obtained were corrected for (a) the aberrational
effect caused by the velocity of the satellite,_-and (b) the parallactic
refraction, or the difference b_tween the amount,of refraction of the star
background and the satellite. Both corrections were made in the manner
described by Veis (1960). An approxdmate ephemeris of the satellite was
used to give the range of the satellite since the accuracy needed is only
of the order of i00 ks. In the case of flashes of satellite ARNA there

was no correction applied for aberration since the obsemt_ms refer
to the time of the flash.

i
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The co_ed _alues for _ and _ _ve true g_-trlc _ctlons ex-
prese_l in the cel_stisl system, Their re_etlon to a ter_str_al systeR
vas made accordingto the methods describedby Vels (1963). The _'s and
's vere convertedto directioncosinesand then pre_ulti_lledthree times

by the appropriatematrices for _he effect of the precesslo_,the mxtatlon,
and the rotation of the earth. This _as do_ according to equation (19)
of Vel8 (1963). By,ever, the small effect of the actual motion of the
pole on the earth'sran-facewas _ot %s_cn i_o acc_ at thls sta_e _ince
the ac.-uraeyof the over-allwork did not require it. The maximum effect
is only 2 meters.

The sidereal angle vas computed in accordance vith the U,S. Naval
ObservatoryBulletinsthat gi_e the relationbetweenA-I and DT-I.
However,since the UT_I given in these Bulletinsrefers to the meridian of
Was_ington, It bad to be re_ _o the meridian of Qreenvi_h using the
n_l loagltudeof X = 5h 08mI_._ a_ bY t_ U.S.Na_alObserva-
toryatarting1962. All observationsmade _ 1961 were reducedto the
ne_ longitude.

Reeultoobtalned

25 pairs of successfulsi_taneou_ observationswere used between
the station at Arequipa (_X_) and that at Villa Dolores (_I1); 13 be-
tween the station st _e_ Mexico (9001) a_d _bat at Florida (9010); eight
between the station at Curacao (9009)an_ that at Florida (9010); an@.i0
_etveen t_ .ration at Arequ_pa(90O7) and that at _ragao (9009). O_ the
total of 56 pairs used, _5 refer to observations of Satellite 1981 _1 made
during the p_1"Ao_June 1961 to March 1962. ,_event_npairs refer %o ob-
servationsmade on satellite 1961 =61 _ the period May 19_ to July
1962. Fi_allyfour paLrs l:_e_'.-_mstations_ew Mexico an_ Florida refer %o
f_hes of ANNA made Now_aber 17th, 196R. The four lines correspondin_ %o
those observationsare Indicatedb7 an F on the graph.

The _aph_ 8ivin_ the position lines on the _ planes for the deter-
mi_atien of the directionsof the four lines conneA_Ingthe abo_e-mentioned
pairs of statlonsappear in figures_ to 7. Th_ most probable position
for the intersection of the 1Ane_ obtainedby a least-squaresapprox/ma-
tion, s_ yell as the sssoetated error _lllpse, sze shown in each _mph.
Three dAfferen_ thicknesses are used for the lines In the _aph to indicate
the dAfTerent weights of each 1_-_.

_able 1 _umnariz&sthe re_Its c_Ined and g_ves the follo_
tnforwation:
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1. ase_ed di_ction coeines _i of the line connecting the two
0

stations referred to t_e 8eo_etic 5ystma (Veis, l_la) and based on the
following coordinates ._

stat x tt. =] Y =) z =)

9ooi -l.5357_ -5.167_ 3._ons_

90o7 1.9_732 -5.8o_81 -1.796792

9oo9 _.2518_ -5.8_7_7 _.32728_

9oio o.976289 -5.6016o9 2._o357

2. assumed length l_I of the line cc_ecting the two stations based

on the above coordinates;

3. the number v of the _oGition lines u_ed for the determination
intersectiou;

3

the cool.ares S_ an_ g_ of the most pro_able _o_t _or t_
intersection of the lines on the ® plane as ob_ined fr_ the least-_quares
a_proxlmation, _hlch is the same with the relative displacement c_ the
second station wlth respect to the first on the _ plane;

5. the etand_ deviation of unit weight °o of one pair of observa-
fiche on the _ plane; it is ol_ained from the dtsc_ncy fr_ a unique
Intereection of the position lines and correspo_dlng to %_o lines In_er-
_ec_i_ at right angle.

6. the ses_m_or a and smmMmtnor b axes of the error ellipse on the

plane, as well as the angle _ _tween the semtma_or axis and gl axis;

these three quantities _Ive indirectly the _tance-_A_Aance matrix of
the solution;

7. the correction to the azimuth _A, of the llne connecting the_o
s_atlonS and the relative correction of the elewation A_, of the second
station _lth _spe_ to th_ first_ and their 8_1a_ deviations;

i for the line connecting the8, _ corrected _Irectlon cosines co
two eta_£_ after the ad_nt.

3Sc_e edn_ corrections vere made later on some of the eoordAnates given
in Special _eport _o_ _9. _e values used are given to ellmlnate aay



Table 1

9007- 90// 9ooi- 9olo 9007- 9009 9o09- 9olo

co +o.185o85_ +o.9654362 +o.0984531 -0.631o56_

i -2
co _.I_87_5_ -o.166_59 -o.oo_o919 .0.1o6_62

_3 -o_853_ -o.2o0155o .0 •_51373 .0.76837_o0

2 _i 1.826232_-. ?.601969_m 3.139352 ,,_ 2.0212_9mm

3 • 25 13 8 1o

1 -130 • lore 415 • _. +27 • 7_ -5 •
go
2

go -86 i 13m -10 • 12m -23 • 3m +20 •

• _ • 1_ • 9m • 211.
5 %

(1.2x io"5) (0.5x Io"5) (0.3x lO"5) (I.ox 1o"5)

_A +1_."7• 0."8 -I."i• o."_ -i".8• o."5 -0"5• 0:'9
7

-85_ 13m -lO• I_ -_ • _ +20•

z .0.185oo_1 .0.965_376 .0.o90_6 -o.6_o5z9_0

_._7_o_ -0.1669387 -o.oo_e_ .0.1o66_8 %

¢o_ -0.8535031 -0.'-_)015_ .0._9513_ ,0.7683787

.12-
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I_cusslo_of the results.,a__neral re_rke

Of _e _emined directionsfor the four lines, _ the one between
st_tton_ 9007 and 9011 was determined fro= a sufficient m_ber of obeerva-
tio_ to be of any value; the rest give only an indication of wbst can be
obtatn_ in the r_ar future.

The correction ot_ained for the assumed direction of the line 9007-
_Oll indicates thst the a_0_ed value for the position of the Ar_entlne
station,which is based on zerc deflectionof the vertical at the origin
of the Argentinel_tums was not correct,at least with respectto the
North American Dat,m (WAD). _owever,this ref_it depends not only on the
s_pted deflectionof t_ verticalat the origin of the geodetic r_stems,
but also on the _rs of the reference ellipsoid used to eonnec_ the
independent_le r/ftem. The adopted InterastlcnalEllipsefor the
old System of the S_tt_on.tan AJtrop_lcal O_:rvatory _loes not represent
reality sufficientlywell, and the use of s reference e].l.l.pso_d vi'th

1
s = 6 378 165 = and f - _, which is belAeved to be meh closer to the
ideal one, reducest_ total c_rreetionto a_ut one-fot_rth.The posltlon
of the ® plane of station9011 as obtainedvlth the a_o-e referenceellAp-
soid is t,xltcate,1 as A in flg_re _.

The existenceof correctlon_obtai_e_for the _q_l dlrectio_
between stations9001 and 9010 and 9007 and _09_ if eo_ by addition-
al new ob_ervstl_ (the present solution is _sed on an insufficient
number of observations) cannot be expl_ned by the use of _n erroneous
_eference ellipsoid, since all ststtons are connected to the sam North
A_a_lcan Dst_. The only explanation v_]_ be either that the _AD is _ot
consistentas a net and the local errors introducean erroneousorientation
for the differentlines, or that the m_entatlon of the NAD ss s whole is
not correct. We ass_w here no error for the connectionof the statlOu
to _AD, and the altitude of the _tationsabove the geoid.

According to A_5 Tee.h_c.al Report No. 27 (AMS1959), the uncertainties
in the horizontsl relatiwe positions between stations 9001 add 9010_ 9010
and 9009, and 9009 and 9007 are 9_ I0_ and 16 metez"8_ respe_Ively, and
the correctionsobtained so far are of the sa_e order. Ben_e_ even If the
present results were final, they could not prove any syste_tte error for
t_e orientation of the NAD. _owever_ when final results hsve been obtained,
t_ey can cer_slnly be used to improvethe exletln_ trlan_tlon net of
the _AD.
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If each obselwe_ direction fr_ each station has an uncertainty

2" (10"5) , ass_ that this is a ra_Icm error and we i_o_e t_m uncer-
tainty in the for t_ reduction to sinmltaneity, bhe orientation of eenh p_

will _e determined with an uncertainty af t 2" 4_ e_ _ 3" (1o5 X 10"5).
In addition to other sources of errors, ve should expect a final uncer-

tainty of less than _ _" (t 2 x lO'5)_much of which will be af a rm_om
character. Cclblning a sufficient nuaber of such planes (or Ix_Itlon

lines) we can expect a final uncertainty of _ I" (0.5 X 10"5), or better.
reeult, hove_r, is ba_ed on the assu_ion that there are no sources

c_ important systeastic errors. The results obtained for the
9009-9011 a_ee veil vlth the &_ve, a_l prove also t_t the Baker-W_n
observatt_ are indeed accurate to t 2".

gt_e tl_ eateiltteB can be observed on_ rhine above the horizon
(in ]n_ctlce, 150 a_ow), we should expect thst t__ plsnes, emd thns the
_$_Ic_ lines, will intersect within an angle not exceedlag ._O O, and
_t of the tJJaea little more t_ 90o _ence ve shoM_ eXPect to
obtain the p_sitlon of _ unknovn st_ti_ alo_ t_g _ emAs less ace_te-

1_ t_a t_t alc_ t_ _. S_r_v, _, aethcd w_._ _te_ the

rela_lve Meters "_Ath much less accuracy than it _t_1 t_e _s_hs. This
i_ quite _bvi_v:_ in the case _ the line _007-_011 where _e seatas_or
axis of the er:or ellipse is ortented_ _ctically spiking, alc_ the _.

Xf or_ _ the two stations is knovn and ecanected _o s datus sad t_e
ot_r is '_, the deterai_atlcn cg the absolute direction of the 1Lm
¢C_neetl:_ the two ststlon_ giws w_l_sble l_ora_tt_n even _ it does
not solve _be e_ttre prob_m. 8in_e this _ethcd eea gAw _lw absolu_
relative b_ig_ats _et_een two points, it is :possible 't_ ec_neet _tds
wb,rea diree+,,eomeetloa _ utro_ecdetlelemlinS is not fesslble(f_. 8),
_zeept re= the Irm_Ja_tr_e aetho_ tb_ _ a_tual_ t_ _ _thed t_t
ean eonmet _otd_ separated by a lsrp rater OaP.

_a_n the direction cg two lanes eonnetttn_ an _ ststlon wl_h
two _ Stat_ is de_eralmd, the position in _ _ the
ststtc_ esn be fca_d u the tntemeetton of the two llnas. Xn tht_ _me
t_ addttlcm£ re_*-letion, that the _o l_ms _ _z_t, swet also
be _a_en into co:_i4emtion. Or _be position _ t_ mdma_n stat_

be obtatmd ss t_ md-poin_ c_ the shoztest 41stanee ba_aen t_ t_ IJme,
vhieh is tl_ usual pzactlce in _trAe eerA_ t__.
_wr_ in this _ee tbers is no need to t_e tM_ _ slme It ls
l_s_Ib_ to use dtmet_V _ tln_-dl_m_esl __ seb_ 4w-

in ve.
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The d_ter_ation of absolute di_ctlo_ in s_ce with such a tech-
nique will be very useful to orient lar_ triangulation nets not only in
azimuth, but also in elevation in term of _o_ heights ° These directions
will be much more effective in three-(li_asi_al _odesy than the IApiace
azi_hm of classical geodesy, since they give _o c_nt_ in_tead af
one, an_ refer to much _nssr _Ines.

Ths Saithsc_ian Aetroph_sical Obr,er_atory _x_ects to continue this
_t_Kxl of quasi-sim_Ita_ous observation and extend it to additional lines
betveen other 5tatloas so thst these Airectio_s cou_1 be used for _odetic
orientation. A few lines so oriented in the _urOl_a_ _tum could provide
an excellent basis for t_e orientation c_ the _ev _uropean d_tu_.

Acknov_m_t_ : Alacst all _ the ccsputing involved in tbt_ york _as
done _ith re_r_ble care by Mr. A. Olrniu_ of the S_iths_x_u A_tropb_si-
cal O_rv_trAry. MX. J. Bol/T, now head of Station O_mtlo_, be_ in
preparing the Fa_Licttoz_ for simultaneous observations.
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